Free fatty acids induce transglutaminase 2-dependent apoptosis in hepatocytes via ER stress-stimulated PERK pathways.
Non-alcoholic steatohepatitis (NASH), a progressive form of fatty liver, shares histological similarities with alcoholic steatohepatitis (ASH), including accumulated fat, hepatic apoptosis, and fibrous tissues in the liver, but the molecular mechanisms responsible for hepatic apoptosis remain unclear. We previously reported that transglutaminase 2 (TG2), induced in the nuclei of ethanol-treated hepatocytes, crosslinks and inactivates the transcription factor Sp1, leading to hepatic apoptosis. In this study, we investigated whether a similar change is involved in NASH, and if so, how TG2 and crosslinked Sp1 (CLSp1) are induced. Elevated nuclear TG2 and CLSp1 formation was demonstrated in NASH patients, as well as increased activation of apoptosis inducing factor (AIF) and release of cytochrome c. In Hc human normal hepatocytes treated with free fatty acids (FFAs), biochemical analyses revealed that ethanol and FFAs provoked fat accumulation, endoplasmic reticulum (ER) stress, increased nuclear factor kappa B (NFκB), and nuclear TG2. Salubrinal, a selective inhibitor of the ER stress-induced pancreatic ER kinase (PERK) signaling pathway, inhibited NFκB activation, nuclear TG2 expression, and apoptosis only if it was induced by FFAs, but not by ethanol. These results suggest that FFAs could increase ER stress and lead to nuclear NFκB activation and TG2 induction through PERK-dependent pathways, resulting in TG2-mediated apoptosis accompanying crosslinking and inactivation of Sp1, activation of AIF, and release of cytochrome c.